
	  

	  	  
	  
1)	   Ent	   GVSD:	   a	   first	   version	   of	   the	   Ent	   GVSD	  was	   obtained	   by	   using	  
datasets	   as	   the	   previously	   described	   in	   order	   to	   obtain	   es<mates	   of	  
dominant	   PFT	   cover	   (a)	   and	   plant	   densi<es	   by	   using	   allometric	  
rela<onships	  (b).	  	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  

	  	   	  	  Mo.va.on	  and	  objec.ves	  
	  
Dynamic	   Global	   Vegeta<on	   Models	   (DGVMs)	   are	   now	   a	   common	  
component	  of	  General	  Circula<on	  Models	  (GCMs),	  and	  their	  coupling	  
allows	   represen<ng	   feedbacks	   between	   the	   atmosphere	   and	   the	  
terrestrial	  biosphere.	  However,	  much	  of	  the	  uncertain<es	  in	  capturing	  
biosphere-‐atmosphere	   feedbacks	   arise	   from	   gaps	   in	   simula<ng	  
ecosystem	   C	   fluxes	   by	   DGVMs	   due	   to	   homogeneous	   canopies	  
representa<on	   in	   current	  DGVMs	  or	  non-‐linear	   rela<onship	  between	  
vegeta<on	   features	   (leaf	   area	   index,	   height)	   and	   biomass.	   The	  
biophysical	   processes	   determining	  C	  fluxes	   are	   closely	   related	   to	   the	  
radia<on	   environment,	   sugges<ng	   that	   a	   proper	   canopy	   radia<ve	  
transfer	   physics	   along	   with	   structural	   features	   such	   as	   ver<cal	  
stra<fica<on	  and	  vegeta<on	  clumping	  in	  DGVMs	  is	  crucial	   in	  order	  to	  
accurately	   capture	   C	   fluxes.	   In	   the	   same	   direc<on,	   obtaining	  
vegeta<on	   structure	   parameters	   such	   as	   plant	   densi<es	   and	   ver<cal	  
foliage	  profiles	  (VFP)	  to	  be	  used	  as	  input	  to	  DGVMs	  is	  a	  relevant	  issue	  
so	   as	   to	   op<mize/constrain	   vegeta<on	   physical	   parameteriza<ons	  
which	  currently	  contribute	  to	  the	  large	  uncertainty	  in	  predic<on	  of	  the	  
C	  cycle.	  
	  
Under	   the	   working	   hypothesis	   of	   that	   a	   bePer	   canopy	   physics	   and	  
structure	  representa<on	  can	  improve	  model	  performance	  in	  terms	  of	  
radia<ve	   balance	   and	   carbon/energy	   fluxes,	   this	   work	   aims	   at	  
evalua<ng	  the	  efficacy	  of	  a	  new	  canopy	  radia<ve	  transfer	  model,	   the	  
Analy<cal	   Clumped	   Two-‐Stream	   (ACTS)	   model	   in	   the	   Ent	   Terrestrial	  
Biosphere	  Model	   (Ent	   TBM).	   Impacts	   on	   climate	  will	   be	   examined	   in	  
terms	  of	   land	   surface	   albedo,	   vegeta<on-‐atmosphere	   exchanges	   and	  
climate	   feedbacks.	   For	   boundary	   condi<ons	   for	   ACTS,	   new	   satellite-‐
derived	  datasets	  of	  global	  vegeta<on	  ver<cal	  canopy	  structure	  will	  be	  
used.	  	  

	  	  
	  	  
The	  analy.cal	  clumped	  two-‐stream	  (ACTS)	  model	  

The	  Ent	  Terrestrial	  Biosphere	  Model	  (Ent	  TBM)	  	  

Global	  Vegeta.on	  Structure	  Dataset	  (GVSD)	  

At	  the	  subgrid	  level,	  PFTs	  are	  
represented	  by	  stra<fied	  cohorts	  
organized	  in	  homogeneous	  
patches.	  

The	   ACTS	  model	   (Ni-‐Meister	   et	   al.,	   2010)	   is	   a	   canopy	  
radia<ve	   transfer	   model	   combining	   an	   analy<cal	  
expression	   derived	   from	   the	   Geometric	   Op<cal	  
Radia<ve	   Transfer	   (GORT)	   scheme	   to	   account	   for	  
foliage	  clumping	  and	  a	  two-‐stream	  scheme	  to	  solve	  the	  
radia<on	   absorbed,	   reflected,	   and	   transmiPed	   within	  
plant	  canopies	  for	  ver<cally-‐layered	  canopies	  with	  non-‐
overlapped	  ellipsoidal	  crowns:	  
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-‐ 1064	  nm	  laser	  pulses	  
-‐ Footprint	  diameter	  65	  m	  
-‐ GLA01	  product:	  waveform	  
-‐ GLA14	  product:	  gaussian	  fits	  to	  GLA01	  

Pgap	  =	  canopy	  gap	  frac<on	  
L	  =	  Leaf	  area	  index	  
	  	  	  	  =	  solar	  zenith	  angle	  
G	  =	  leaf	  orienta<on	  factor	  

Clumping	  factor	  

Trunk	  shading	  effect	  

MODIS	  

GISS	  GCM	  shortwave	  snow-‐free	  albedo	  from	  the	  preliminary	  Ent	  GVSD	  
and	  bare	  soil	  albedoes	  from	  Rosenzweig	  and	  Abramopoulos	  (1997)	  and	  
MaPhews	   (1984).	   While	   the	   general	   paPern	   is	   similar,	   some	  
discrepancies	  exist,	  likely	  associated	  with:	  

a	   b	  

GISS	  GCM	  

Abstract	  A	  new	  Analy<cal	  Clumped	  Two-‐Stream	  (ACTS)	  canopy	  radia<ve	  transfer	  scheme	  was	  developed	  for	  the	  Ent	  Terrestrial	  Biosphere	  Model,	  the	  Dynamic	  Global	  Vegeta<on	  Model	  coupled	  to	  the	  NASA	  Goddard	  Ins<tute	  for	  Space	  Studies	  (GISS)	  General	  Circula<on	  Model	  (GCM)	  and	  its	  Land	  Surface	  Model.	  By	  
accoun<ng	  for	  foliage	  clumping	  and	  vegeta<on	  heterogenei<es,	  ACTS	  allows	  a	  bePer	  representa<on	  of	  canopy	  radia<ve	  transfer	  with	  a	  minimal	  computa<onal	  cost,	  and	  allows	  for	  prognos<c	  calcula<on	  of	  canopy	  light	  transmiPance	  and	  albedo	  for	  changing	  canopy	  structures.	  A	  very	  good	  performance	  was	  found	  in	  
previous	   site-‐scale	  assessments,	  but	   the	  on-‐line	  evalua<on	  at	   the	  global	   scale	   is	  pending.	   For	   this,	   coupled	  GISS	  GCM-‐Ent/ACTS	   simula<ons	  will	   be	   carried	  out	  and	  evaluated	   in	   terms	  of	   simulated	  vegeta<on	  albedo,	  primary	  produc<vity	  and	  climate	   sensi<vity	   to	   the	  new	  canopy	   radia<ve	   transfer.	   Satellite-‐based	  
observa<ons	  of	  global	  vegeta<on	  canopy	  structure	  and	  different	  model	  configura<ons	  will	  be	  used	  to	  assessing	  model	  performance	  and	  improvements	  provided	  by	  ACTS.	  	  

-‐ Vegeta<on	  height	  
-‐ Foliage	  profile	  

e.g	  from	  Tang	  et	  al.,	  2014	  

-‐	  Ver<cal	  and	  horizontal	  heterogeneity	  of	  plant	  canopies	  	  
-‐	  Minimal	  computa<onal	  cost	  

Light	  profiles	  and	  albedo	  

New	  vegeta<on	  parameters	  will	  be	  derived	  by	  using	  recently	  available	  
satellite-‐based	  databases:	  plant	  densi<es,	  ver<cal	  foliage	  profile	  
	  

	  
	  	  	  GIMMS/MODIS	  LAI3g	  	  
	  	  	  Leaf	  Area	  Index	  (Zhu	  et	  al.,	  2013)	  	  
	  
	  
	  
	  	  	  MODIS	  land	  cover	  classifica<on	  (IGBP)	  
	  	  	  MODIS	  Plant	  Func<onal	  Types	  (PFTs)	  
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Observa<ons	  from	  the	  Geoscience	  Laser	  Al<meter	  System	  (GLAS)	  on	  
board	  ICESat	  (Ice,	  Cloud,	  and	  land	  Eleva<on	  Satellite)	  will	  be	  used	  to	  	  
derive	  ver<cal	  foliage	  profiles:	  
	  
	  
	  
	  
	  
	  
	  

	  

The	  Ent	  TBM	  is	  a	  next	  genera<on	  DGVM	  designed	  to	  be	  coupled	  with	  
GCMs	   and	   LSMs.	   By	   accoun<ng	   for	   vegeta<on	   height	   of	   mixed	   and	  
dynamically	  changing	  canopies	  for	  a	  set	  of	  17	  PFT.	  Ent	  TBM	  introduces	  
canopy	  heterogenei<es	  in	  order	  to	  advance	  in	  both	  carbon	  fluxes	  (light	  
use	  and	  respira<on)	  and	  carbon	  stocks	  representa<on	  in	  DGVMS,	  along	  
with	  the	  use	  of	  Lidar	  satellite	  data	  to	  constrain	  vegeta<on	  structure.	  

Comparison	   of	   FLUXNET	   measured	   (doPed	   line),	   ACTS	   (red)	   and	   full	  
GORT	  (blue)	  half-‐hourly	  surface	  albedo	  during	  summer	  (1995)	  over	  pine	  
(NOJP)	  and	  spruce	  (NOBS)	  forest.	  

Preliminary	  results	  

2)	  ACTS:	  	  global	  off-‐line	  simula<ons	  

Current	  and	  future	  work	  
GVSD	  products:	  	  
	  	  	  	  	  	  	  	  	  	  Stra<fied	  versions	  of	  the	  Ent	  GVSD	  
	  	  	  	  	  	  	  	  	  	  Ver<cal	  foliage	  profiles	  derived	  from	  ICESat/GLAS	  
ACTS:	  on-‐line	  GISS	  GCM	  evalua<on	  in	  terms	  of	  	  
	  	  	  	  	  	  	  	  	  	  Impacts	  on	  surface	  albedo	  
	  	  	  	  	  	  	  	  	  	  Gross	  primary	  produc<vity	  
	  	  	  	  	  	  	  	  	  	  Simulated	  climate	  
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-‐  Ent	  TBM	  v/s	  MODIS	  
endmember	  spectral	  
proper<es	  

-‐  Inaccuracy	  in	  Ent	  TBM	  
prescribed	  values	  of	  bare	  soil	  
albedo	  

Comparison	   of	   MODIS	   (black),	   FLUXNET	  
measured	   (blue)	   and	   ACTS	   modeled	   (red)	  
noon	   surface	   albedo	   in	   2006	   over	   the	  
Morgan-‐Monroe	  State	  Forest	  (IN,	  USA).	  

Two-‐layer	  canopy	  
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